1. Introduction {#sec1}
===============

Low back pain (LBP) is one of the most prevalent diseases which needs medical advice and results in chronic disabilities \[[@B1]\]. It is estimated that approximately 84% of the general population suffer from LBP during their lifetime \[[@B2]\]. Degenerative disc disease (DDD) is a common reason for LBP \[[@B3]\]. The pathogenesis of DDD is difficult to elucidate because of the various DDD definitions and multiple interdependent factors, such as decreased nutrition supply \[[@B4]\], altered mechanical loading \[[@B5]\], hereditary factors \[[@B6]\], and changed extracellular matrix (ECM) composition \[[@B7]\]. Since the necessary nutrients have to diffuse across the intervertebral cartilage endplate (CEP) to supply the intervertebral discs (IVDs), many researchers speculate that CEP degeneration play critical roles in the initiation and development of DDD \[[@B8], [@B9]\]. CEP refers to a thin layer of hyaline cartilage between the vertebral body and the disc, which protects the adjacent vertebrae from the invading nucleus pulposus (NP). The CEP degeneration has several manifestations, such as proteoglycan loss \[[@B10]\], CEP calcification \[[@B11]\], and ECM synthesis defects \[[@B12]\]. The proteoglycan loss from CEP is closely related to proteoglycan loss in NP, in turn resulting in DDD ultimately \[[@B13]\]. In addition, calcification or sclerosis of CEP reduced the diffusion ability of nutrient molecules into adjacent disc, finally leading to DDD \[[@B14]\]. Therefore, it is crucial to illuminate the mechanisms of CEP degeneration and DDD for developing effective therapies.

Current treatment of DDD primarily concentrates on relieving painful symptoms through removing dislocated disc tissues, leaving the underlying biological changes of discs untreated. The flaws of current methods demand new therapies which directly target the underlying biochemical causes of DDD to both relieve symptoms and repair disc damage. In recent years, researchers have put interests on cell-based therapies for regenerating disc structure and function \[[@B15]\]. Mesenchymal stem cells (MSCs) are considered as an appropriate cell source for disc regeneration. Their capacity of expansion, self-renewal, and multilineage differentiation has been broadly validated \[[@B16]--[@B19]\]. In terms of intervertebral disc research, MSCs have been applied for IVD repair and regeneration in plenty of studies \[[@B20]--[@B23]\]. Except for exogenous MSCs, the stem cells*in situ* in IVDs are also an optional source. The evidence for stem cells existing in IVDs has been demonstrated \[[@B18], [@B24], [@B25]\]. Our research team has isolated cartilage endplate-derived stem cells (CESCs) and validated their chondrogenic and osteogenic differentiation ability \[[@B24]\]. It may be beneficial to modulate the differentiation capacity of CESCs to alleviate CEP calcification and restore CEP structure, partially regaining the nutrition supply of the discs. But the detailed mechanism of CESC differentiation has not been fully understood.

Alternative splicing (AS) is a sophisticated regulatory process by which diverse RNA isoforms are created from one single pre-mRNA, potentially resulting in structurally and functionally different proteins \[[@B26], [@B27]\]. AS substantially increases the cellular complexity and phenotypic diversity of eukaryotic organisms without enlarging the genome \[[@B27]\]. AS is prevalent in eukaryotic organisms, for it is estimated that approximately 95% of multiexonic genes undergo AS \[[@B28], [@B29]\]. Usually, a single gene can be alternatively spliced in such common ways: exon skip/inclusion, mutually exclusive exons, alternative 5′/3′ splice sites, intron retention, alternative promoters, and polyadenylation sites \[[@B27]\]. More importantly, AS is elaborately regulated through cell type-, development-, and extracellular signal-related pathways \[[@B30]\]. Abnormal AS of genes is found to be related to a variety of human diseases including neurodegenerative diseases, autoimmune diseases, and cancers \[[@B31]--[@B33]\]. Recently, roles of AS in stem cell differentiation have piqued the interest of researchers. Kazantseva and his colleagues found that the depletion of hTAF4-TAFH domain from TAF4 isoforms led to promoted chondrogenic differentiation of human MSCs \[[@B34]\]. Additionally, McAlinden et al. developed a novel AT-qPCR method to quantify all the isoforms of alternatively spliced*Col2a1* gene, identifying the majority of ATDC5 cells as chondroprogenitors induced by the standard chondrogenic differentiation method \[[@B35]\]. Furthermore, the*PTHrP* isoforms became increasingly selective during the osteogenic differentiation of MSCs, displaying the potential to be novel molecular markers of stem cell state \[[@B36]\]. Therefore, investigating the AS regulation in stem cell differentiation is quite meaningful.

CESCs exist in the degenerated discs. Enhanced chondrogenic differentiation and inhibited osteogenic differentiation of CESCs may relieve CEP calcification and restore the nutrition supply, possibly regenerating the degenerated discs. In our study, we tend to investigate the transcription and splicing mechanisms during CESC chondrogenic differentiation. The isolated CESCs were induced to go through chondrogenic differentiation. Then, the samples were analyzed on a genome-wide scale using the Affymetrix Human Transcriptome Array 2.0 (HTA 2.0) system. After data extraction and pretreatment, a comparative analysis of gene expression profiling and AS events was done between the controlled CESCs and differentiated CESCs. Gene ontology (GO) and KEGG pathways analysis was utilized to make functional annotation of genes of interest to exemplify transcription and splicing mechanisms. To our knowledge, genome-wide studies focusing on the differential gene expressions and AS events of stem cell chondrogenic differentiation have not been done before, so our study may facilitate illuminating DDD mechanisms and developing new therapies.

2. Materials and Methods {#sec2}
========================

2.1. Ethics Statement {#sec2.1}
---------------------

The CEP tissues used in our study were obtained from six patients who underwent discectomy and fusion surgeries because of lumbar degenerative diseases in our department ([Table 1](#tab1){ref-type="table"}). Our study was approved by the Ethics Committee of Xinqiao Hospital, Third Military Medical University. All the procedures described below were in accordance with the Helsinki Declaration. Written informed consent was obtained from each patient, and we took extensive precautions to protect the privacy of each donor.

2.2. Isolation and Culture of Human CEP-Derived Cells {#sec2.2}
-----------------------------------------------------

The CEP-derived cells were obtained according to a previously described protocol \[[@B24]\]. Briefly, the NP, annulus fibrosus (AF), and subchondral bone tissues surrounding the CEP blocks were removed by ophthalmic instruments under dissecting microscope (4x magnification). Then mince CEP samples into pieces no larger than 1 mm^3^ and digest them with 0.2% collagenase II (Sigma, USA) in DMEM/F12 (Hyclone, USA) containing 2% fetal bovine serum (FBS) at 37°C for 12 hours. After digestion, the suspended cells were filtered through a 70 *μ*m cell filter to avoid large cell aggregates. Then the cell suspension was transferred to a 15 mL sterile conical tube and centrifuged for 10 min at 200 g. After the centrifuging, the pellet was resuspended in DMEM/F12 containing 10% FBS and 5 units/mL penicillin and streptomycin. Next, the cell suspension was transferred to a 25 cm^2^ culture flask and cultured in humidified atmosphere containing 5% CO~2~ at 37°C. The cells were subcultured once and transferred to agarose cultures to select CESCs.

2.3. Agarose Culture to Select CESCs {#sec2.3}
------------------------------------

The agarose culture method was used according to the protocol published by Thornemo et al. in 2005 \[[@B37]\]. Briefly, a 60 mm-diameter culture dish was coated with 1% low-melting-point agarose containing equal volume of DMEM/F12 (37°C) and 2% low-melting-point agarose. Then, 0.75 mL DMEM/F12, 0.75 mL 2% low-melting-point agarose, and 1.5 mL DMEM/F12 (20% FBS) containing 5 × 10^4^ P1 CEP-derived cells were mixed and transferred to the coated culture dishes. The final concentration of FBS was 10%. Put the culture dishes under 4°C for 15 min until the gel was solidified. Then, the culture dishes were incubated in humidified atmosphere containing 5% CO~2~ at 37°C. Culture medium was changed twice a week. Six weeks later, choose cell clusters with diameter larger than 50 *μ*m and isolate them by sterile Pasteur pipette. Then, subculture these cell clusters in 6-well plates (Costar Corning, USA). Passage 3 CESCs were used in our study.

2.4. Chondrogenic Differentiation Assay {#sec2.4}
---------------------------------------

Chondrogenic differentiation of CESCs was induced using the pellet method. The complete chondrogenic differentiation medium contains 97 mL basal medium (Cat. number HUXMA-03042-97, Cyagen, USA), 10 *μ*L dexamethasone, 300 *μ*L ascorbate, 1 mL ITS + supplement, 100 *μ*L sodium pyruvate, 100 *μ*L proline, and 1 mL TGF-*β*3. About 2.5 × 10^5^ CESCs were put into a 15 mL polypropylene tube and centrifuged at 150 g for 5 min. The final concentration of TGF-*β*3 in the complete chondrogenic medium is 10 ng/mL. Wash the cells by resuspending them in incomplete chondrogenic medium (without TGF-*β*3) and then centrifuge again. Resuspend the cells in complete chondrogenic medium at a concentration of 5.0 × 10^5^ per milliliter and centrifuge at 150 g for 5 min to form a cell pellet. The pellet was cultured for 21 days by replacing the complete chondrogenic medium every 3 days.

2.5. Affymetrix Human Transcriptome Array 2.0 {#sec2.5}
---------------------------------------------

CESCs were induced to undergo chondrogenic differentiation or left untreated in the undifferentiated state. Differentiated and undifferentiated samples were treated with Trizol and sent to Bioassay Laboratory of CapitalBio Corporation (Beijing, China). The gene expression profiling and alternative splicing events were analyzed using HTA 2.0 purchased from Affymetrix Corporation. The Affymetrix HTA 2.0 contained about 339 thousand probe sets (10 probes per exon and 4 probes per junction), covering about 67 thousand transcript clusters and 573 thousand Probe Selection Regions (PSRs). Transcript clusters were referred as genes in this paper for simplicity. The HTA 2.0 allowed probes to target exons and junctions within genes and provided both gene expression and AS information. The labeling, hybridization, scanning, and data extraction of microarray were performed by Bioassay Laboratory of CapitalBio Corporation (Beijing, China) according to the recommended Affymetrix protocols. Briefly, the fluorescence signals of the microarray were scanned and saved as DAT image files. The AGCC software (Affymetrix GeneChip Command Console) transformed DAT files into CEL files to change image signals into digital signals, which recorded the fluorescence density of probes. Next, we used Affymetrix Expression Console software to pretreat CEL files through Robust Multichip Analysis (RMA) algorithm \[[@B38]\], including background correction, probeset signal integration, and quantile normalization. After pretreatment, the obtained chp files were analyzed by Affymetrix Transcriptome Analysis Console software to detect differentially expressed genes (DEGs) and alternatively spliced genes (ASGs). The Expression Console and Transcriptome Analysis Console software were provided by Affymetrix Corporation. To identify significantly enriched gene ontology (GO) terms and functional pathways, the publicly available web tool Kyoto Encyclopedia of Genes and Genomes (KEGG, <http://www.genome.jp/kegg/>), DAVID (<http://david.abcc.ncifcrf.gov/tools.jsp>), and commercial database Molecule Annotation System (MAS, CapitalBio System) were used. The results of GO and pathways analysis were provided in the Supplementary Material available online at <http://dx.doi.org/10.1155/2015/604972> and presented as tables and histograms in the paper. The microarray data have been submitted to NCBI\'s Gene Expression Omnibus (GEO) (Accession number GSE63897).

2.6. Criteria for Detecting DEGs and ASGs {#sec2.6}
-----------------------------------------

The fold change of gene expression was calculated using undifferentiated samples as base values. We set the default filter criteria as fold change (linear) of gene expression ≤−2 or ≥2 for significantly DEGs. The Splicing Index (SI) model \[[@B39], [@B40]\] was used to identify ASGs. SI represented the ratio of the exon signal intensities normalized to the gene signal intensities between two experimental conditions and was used to detect the exon exclusion/inclusion level. The SI value was calculated in the following ways:$$\begin{matrix}
{Normalized\,\, Intensity\left( { i,j} \right)_{A}\left\lbrack { NI\left\lbrack { i,j} \right\rbrack_{A}} \right\rbrack} \\
{\mspace{1800mu} = \frac{exon_{i}\,\, signal\,\, intensity\,\, in\,\, condition\,\, A}{gene_{j}\,\, signal\,\, intensity\,\, in\,\, condition\,\, A},} \\
{SI\left( { i,j} \right) = {\log_{2}\frac{NI\left( {i,j} \right)_{D}}{NI\left( {i,j} \right)_{U}}}.} \\
\end{matrix}$$NI(*i*, *j*)~*A*~ stood for the signal intensity of *i*th exon normalized to the *j*th gene in condition *A*. The subscript *U* stood for the undifferentiated condition; the subscript *D* stood for the differentiated condition. We set the default filter criteria as SI (linear) ≤ −2 or ≥2.

2.7. DEG Validation by RT-qPCR (Reverse Transcriptase-Quantitative Polymerase Chain Reaction) {#sec2.7}
---------------------------------------------------------------------------------------------

RT-qPCR analysis was performed to validate DEGs during chondrogenic differentiation of CESCs. GAPDH was chosen to be an internal control. Total RNA was extracted and used to generate cDNA by using the Takara kits (Japan) according to the manufacturer\'s instructions. The quality of total RNA was examined by a spectrophotometer (Nanodrop 2000, Thermo Scientific) at 260 nm and 280 nm. Primers were designed using the Primer Premier 6.0 software and listed in Table S1. The cycle parameters of the Reverse Transcriptase (RT) reaction were 37°C for 15 mins and 85°C for 5 s. Next, the cDNA was subjected to real-time quantitative PCR (qPCR) with SYBR Green staining. Higher absolute value of fold changes was privileged when selecting candidate genes for validation.

2.8. ASG Validation by Semiquantitative RT-PCR {#sec2.8}
----------------------------------------------

RT-PCR was performed to identify the ASGs. Total RNA was extracted and used to generate cDNA by using the Takara kits (Japan) according to the manufacturer\'s instructions. The quality of total RNA was examined by a spectrophotometer (Nanodrop 2000, Thermo Scientific) at 260 nm and 280 nm. An oligo (dT) primer was used to reverse-transcribe 1 *μ*g total RNA into cDNA using the Takara RT-PCR kit (Code number RR047A). Then, 1 *μ*L cDNA template was added for each action. The primers of genes of interest were designed in expressed constitutive exons flanking the target exon, using the Primer Premier 6.0 software. GAPDH was selected as the internal control. The candidate genes for ASG validation were chosen according to the following criteria. (1) Higher absolute value of SI was firstly considered. (2) Whole exon gain/skip was privileged. (3) First and last alternative exons were excluded because of primer design difficulties.

2.9. Statistical Analysis {#sec2.9}
-------------------------

Student\'s *t*-test was used to determine the significance between groups. Data were expressed as mean values ± standard deviation (SD). A *p* value of less than 0.05 was considered to be statistically significant.

3. Results {#sec3}
==========

The overall workflow of the HTA data analysis was presented in [Figure 1](#fig1){ref-type="fig"}.

3.1. DEG Detection, Validation, and Functional Analysis during Chondrogenic Differentiation of CESCs {#sec3.1}
----------------------------------------------------------------------------------------------------

Analysis of HTA data was performed using strict statistical methods to detect the differentially expressed genes during chondrogenic differentiation of CESCs. According to the criteria we mentioned, the analysis identified 1953 DEGs, of which 997 (51%) genes were upregulated and 956 (49%) genes were downregulated. The number of upregulated genes was almost the same (997/956) as that of downregulated genes. According to the gene expression results obtained from the microarray, 12 DEGs were selected for validation by RT-qPCR. The qPCR results showed that 10 of the 12 selected DEGs were successfully validated (consistent tendency) ([Figure 2](#fig2){ref-type="fig"}) while 2 DEGs were not (data not shown).

GO enrichment analysis of DEGs during chondrogenic differentiation of CESCs was carried out to detect the chondrogenic differentiation-related biological process, molecular function, and cellular component (Table S2). The results showed that many important GO terms were involved in chondrogenic differentiation of CESCs, such as regulation of cell proliferation, cell differentiation, protein binding, and extracellular matrix structural constituent. [Figure 3(a)](#fig3){ref-type="fig"} showed the top ten GO functions of DEGs regulated in biological process category during chondrogenic differentiation of CESCs.

The KEGG tool was used to detect enriched functional pathways in DEGs during chondrogenic differentiation of CESCs (Table S3). According to the results, several cellular pathways were significantly affected, such as TGF-beta signaling pathway, ECM-receptor interaction, complement and coagulation cascades, and cytokine-cytokine receptor interaction. [Figure 3(b)](#fig3){ref-type="fig"} showed the top ten KEGG pathways of DEGs regulated in chondrogenic differentiation of CESCs.

3.2. ASGs Detection, Validation, and Functional Analysis during Chondrogenic Differentiation of CESCs {#sec3.2}
-----------------------------------------------------------------------------------------------------

Based on the SI algorithm mentioned in the methods, this analysis of genome-wide AS identified 14061 alternatively spliced exons, which belonged to 4411 ASGs during chondrogenic differentiation of CESCs (Table S4). In addition, 7946 (56%) alternatively spliced exons with SI value ≥2 were considered as "general exon inclusion" events, while the remaining 6115 (44%) exons were referred to as "general exon exclusion" events. We found that 55% (2438/4411) of the ASGs contained 86% (12088/14061) of the alternatively spliced exons; thus this confirmed that multiple alternative splicing events could happen to the same gene. During chondrogenic differentiation of CESCs, each ASG had 5.0 (12088/2438) alternatively spliced exons on average. We picked out*EGLN3* as a typical example, which had 14 alternatively spliced exons detected and indicated complicated splicing regulation. Moreover, it was noticed that 610 of these 4411 ASGs were also significantly differentially expressed. This result indicated a possible intrinsic link between regulated gene expression and alternative splicing. Based on these results, 10 ASGs were chosen for RT-PCR validation. Primers for RT-PCR were listed in Table S5. [Figure 4](#fig4){ref-type="fig"} showed that 8 of the 10 selected ASGs were validated successfully.

GO enrichment analysis was performed on the ASGs during chondrogenic differentiation of CESCs (Table S7). The results suggested that many important GO terms were regulated by AS in chondrogenic differentiation of CESCs, such as regulation of transcription, signal transduction, protein amino acid phosphorylation, and cell cycle. [Figure 5(a)](#fig5){ref-type="fig"} showed the top ten GO functions of ASGs regulated in biological process during chondrogenic differentiation of CESCs.

The 4411 ASGs were analyzed by KEGG pathway analysis in order to determine functional cellular pathways regulated during chondrogenic differentiation of CESCs (Table S8). According to the results, several cellular pathways were regulated, such as MAPK signaling pathway, p53 signaling pathway, Wnt signaling pathway, and apoptosis. [Figure 5(b)](#fig5){ref-type="fig"} showed the top ten KEGG pathways of ASGs regulated in chondrogenic differentiation of CESCs.

4. Discussion {#sec4}
=============

Genome-wide analysis of transcription and translation is a powerful approach to fully investigate the mechanisms of chondrogenic differentiation of stem cells. Researchers have adopted this approach to determine the global gene expression and posttranscriptional and epigenetic changes during the differentiation process \[[@B45]--[@B48]\]. However, little effort has been made to obtain a coherent view of AS mechanisms of stem cell chondrogenic differentiation on a genome-wide scale. AS is a ubiquitous and essential phenomenon that accounts for distinctive gene isoforms and protein diversity \[[@B49]\], especially in chondrogenic differentiation \[[@B34], [@B36]\]. In our study, we discovered the gene expression patterns and ASEs during chondrogenic differentiation of CESCs and analyzed the molecular functions and pathways using bioinformatics tools. To our knowledge, our study is the first one to analyze the AS events induced during stem cell chondrogenic differentiation at the whole genome level.

The upregulated and downregulated genes during chondrogenic differentiation of CESCs were detected in our study. Similarly, Herlofsen et al. performed genome-wide analysis of gene expressions during chondrogenic differentiation of MSCs in alginate hydrogel \[[@B50]\]. They identified various enriched gene clusters at different differentiation time points. In our study, several DEGs were picked up for RT-qPCR validation, such as DPT, COMP, and COL10A1. The biological functions of DPT were various, such as interacting with transforming growth factor-beta1 (TGF-*β*1), enhancing cell adhesion, and inhibiting cell proliferation \[[@B51]\]. In addition, cartilage oligomeric matrix protein (COMP) is a classical gene marker of chondrogenic differentiation and plays important roles in cell proliferation, adhesion, and differentiation \[[@B53]--[@B55]\]. It is noted that COL10A1 gene was upregulated after chondrogenic differentiation. Type X collagen is a marker of chondrocyte hypertrophy \[[@B56]\]. Currently, the widely used protocol for chondrogenic differentiation is the pellet culture system, which is put forward by Yoo and Johnstone et al. \[[@B57], [@B58]\]. This system uses serum-free chondrogenic medium containing TGF-*β* and dexamethasone to induce chondrogenic differentiation. There have been studies reporting the expression of type X collagen and other hypertrophy-related genes in chondrogenesis of MSCs, such as ALP, MMP13, and VEGF \[[@B57], [@B59], [@B60]\]. These genes indicate the hypertrophy stage of MCS chondrogenic differentiation. The chondrocyte hypertrophy could result in ossification, vascular invasion, and apoptosis eventually. The current chondrogenic induction system inevitably leads to hypertrophy, but the degree of hypertrophy could be controlled to a low level. Mueller and Tuan found that the withdrawal of TGF-*β* contributed to hypertrophy induction \[[@B61]\]. Some other measures have been taken to regulated chondrogenic hypertrophy, such as gene modification, growth factor addition, and signaling pathway interfering \[[@B62]--[@B64]\]. Besides altered gene expression patterns, the molecular function and pathway of DEGs were also analyzed. The GO analysis showed enrichment of many important biological processes, such as response to hypoxia, developmental process, and regulation of cell proliferation. Hypoxia is closely related to the chondrogenic differentiation process \[[@B65]\]. Because in biological process genes generally are enriched into functional pathways, it is essential to investigate the regulatory mechanisms of chondrogenic differentiation in terms of functional pathways involved. Some of the pathways were significantly enriched, such as focal adhesion, TGF-beta signaling pathway, and ECM-receptor interaction. Focal adhesion signaling is important for cell-matrix adhesions, which play vital roles in many biological processes, such as cell proliferation, cell differentiation, and regulated gene expressions \[[@B68]--[@B70]\]. In terms of TGF-beta signaling pathway, this pathway is involved in a great variety of cellular functions including migration, proliferation, differentiation, and apoptosis \[[@B71]--[@B73]\]. What is more, TGF-beta is usually added as an inducer of chondrogenic differentiation of stem cells \[[@B74]\].

Alternative splicing is a prevalent phenomenon in eukaryotic cells resulting in great diversities of protein categories and functions. To our knowledge, genome-wide analysis of alternative splicing in chondrogenic differentiation of stem cells has not been done before. We use HTA 2.0 to obtain a universal coverage of the genome to both identify evidence supported sequences and discover novel ASEs. Previously, many bioinformatics studies analyzed EST data in order to identify new ASEs \[[@B75]\]. Actually, for most genes not many ESTs have been sequenced, and this defect makes more ASEs undetectable in the available ESTs. In our study, we detected 4411 ASGs with 14061 ASEs during chondrogenic differentiation of CESCs. Furthermore, 8 ASGs were validated by RT-PCR successfully. These novel validated isoforms of ASGs have not been recorded in the NCBI Reference Sequences Database before; therefore further studies need to be done to investigate cellular and molecular functions of these isoforms. In terms of the molecular functions and pathways of these detected ASGs, GO analysis showed quantities of enriched GO terms, such as DNA-dependent regulation of transcription, signal transduction, and cell adhesion. The biological process of DNA-dependent regulation of transcription infers the role of AS in transcription regulation, since the complex correlation of transcription and splicing has been investigated before \[[@B76]--[@B78]\]. Besides, the enriched signal transduction process suggests that alternative splicing may modulate signaling pathways to exert its influence on cellular function networks. In addition, we performed KEGG pathway analysis and discovered many enriched signaling pathways, such as MAPK signaling pathway, ECM-receptor interaction, and p53 signaling pathway. The MAPK signaling cascade is a highly conserved module which plays roles in a great variety of cellular processes, such as cell differentiation, migration, and proliferation \[[@B79]--[@B81]\]. Since in the chondrogenic differentiation process, stem cell proliferation is usually inhibited and stem cells are induced toward differentiation, it is reasonable that the p53 signaling pathway is activated which generally results in cell cycle arrest, cell senescence, or apoptosis \[[@B82]--[@B84]\]. Thus the pathway analysis indicated that AS is highly involved in signaling pathways to regulate differentiation process.

Under many physiological and pathological circumstances, regulation of transcription and splicing generally coexists. It was reported that transcript splicing may affect gene expression through modifying transcription process and influencing RNA stability \[[@B76], [@B77]\]. In the other direction, transcription aberrance may also boost or impair splicing efficiency \[[@B78]\]. The over- or underexpression of splicing factors and their upstreams may affect*cis*-elements availability or spliceosome assembly to influence splicing machinery. In our study, we observed the overlapping of DEGs and ASGs; therefore the interregulation between transcription and splicing may be speculated to underline the chondrogenic differentiation of CESCs.

5. Conclusions {#sec5}
==============

In our study, we use HTA 2.0 to investigate changed gene expression patterns and alternative splicing events during chondrogenic differentiation of CESCs. Various genes are found to be differentially expressed and/or alternatively spliced, and correlated molecular functions and pathways are also revealed. Further studies are needed to elucidate downstream mechanisms of AS regulation, and novel functional isoforms are potential targets in future functional researches.
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![The overall workflow of the HTA data analysis. Briefly, CESCs were isolated and induced into chondrogenic differentiation. Total RNA was extracted, labeled, and hybridized to HTA 2.0. The Affymetrix AGCC, EC, and TAC software were used to scan and analyze the microarray data.](BMRI2015-604972.001){#fig1}

![DEGs validated in chondrogenic differentiation of CESCs by RT-qPCR. 10 of 12 DEGs were validated successfully by RT-qPCR in chondrogenic differentiation of CESCs. They are (a) ANGPTL7; DPT; RANBP3L; MMP7; and CXCL14; (b) COL10A1; COMP; and ADAMTSL3; (c) STC1; APLN. The results of microarray were also listed in [Figure 2](#fig2){ref-type="fig"}.](BMRI2015-604972.002){#fig2}

![Molecular function analysis at the gene level during chondrogenic differentiation of CESCs. (a) [Figure 3(a)](#fig3){ref-type="fig"} showed the top ten GO functions regulated in biological process category during chondrogenic differentiation of CESCs at the level of gene expression. (b) [Figure 3(b)](#fig3){ref-type="fig"} showed the top ten KEGG pathways regulated in chondrogenic differentiation of CESCs at the level of gene expression.](BMRI2015-604972.003){#fig3}

![ASGs validated in chondrogenic differentiation of CESCs by RT-PCR. 8 of 10 ASGs were validated successfully by RT-PCR. The control sample refers to undifferentiated CESCs; the CD sample refers to chondrogenically differentiated CESCs. GAPDH was used as internal control, and its RT-PCR result image is found in Supplementary Material (Figure S6).](BMRI2015-604972.004){#fig4}

![Molecular function analysis at the AS level during chondrogenic differentiation of CESCs. (a) [Figure 5(a)](#fig5){ref-type="fig"} showed the top ten GO functions regulated in biological process during chondrogenic differentiation of CESCs at the level of alternative splicing. (b) [Figure 5(b)](#fig5){ref-type="fig"} showed the top ten KEGG pathways regulated in chondrogenic differentiation of CESCs at the level of alternative splicing.](BMRI2015-604972.005){#fig5}

###### 

Patients\' information enrolled in our study.

  Case number   Gender   Age (year)   Diagnosis           Degenerated disc level   Surgery type
  ------------- -------- ------------ ------------------- ------------------------ ---------------------------
  1             Male     46           Disc herniation     L5-S1                    MED^a^
  2             Male     50           Spondylolisthesis   L4-L5                    Quadrant assisted TLIF^b^
  3             Male     65           Disc herniation     L4-L5                    Quadrant assisted TLIF
  4             Female   76           Spondylolisthesis   L4-L5                    Quadrant assisted TLIF
  5             Female   47           Disc herniation     L5-S1                    TLIF
  6             Male     37           Disc herniation     L5-S1                    TLIF

^a^MED: microendoscopic discectomy; ^b^TLIF: transforaminal lumbar interbody fusion.
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